A policy of trade liberalization is often suggested as a means of stimulating economic growth in developing countries. Given the potential benefits of trade liberalization policies, it is important to examine whether such policies are in fact in conflict with the environment as they accelerate economic growth.
endowment hypothesis thus confirming that the export-oriented labour requirements are much more in weight than its import counterpart. Hence India gains in terms of emissions from trade in both cases. The paper also suggests several policies.
A policy of trade liberalization is often suggested as a means of stimulating economic growth in developing countries. Trade liberalization consists of policies aimed at opening up the economy to foreign investment and lowering trade barriers in the form of tariff reduction. However, while trade may stimulate growth it may simultaneously lead to more pollution either as a result of relocation of polluting industries from countries with strict environmental policy or owing to increased production in dirty industries. Given the potential benefits of trade liberalization policies, it is important to examine whether such policies are in fact in conflict with the environment as they expand production and accelerate economic growth.
Thus what happens to the environment when international trade is liberalized is a matter of debate. It is commonly assumed by economists and environmentalists alike that greater economic openness will lead to increased pollution in developing countries, as free trade will increase environmental degradation in developing countries. Among environmentalists, one common concern is that liberalized trade regimes and market-driven exchange rates, by increasing the incentive for export, will lead to a greater exploitation of natural resources. Secondly, free trade will increase industrial pollution in developing countries, through the displacement of dirty industries from developed countries with stricter environmental regulations, and through competitive pressure on developing countries to reduce further their environmental standards.
Two conflicting hypotheses emerge from the debate. The first competing hypothesis, known as the pollution haven hypothesis (PHH), argues that changes in environmental legislation can distort existing patterns of comparative advantage. In the developed world the costs of complying with environmental regulations appear to be increasing steadily. Since the stringency of environmental regulations increases with income and economic development (Dasgupta and others, 1995) the PHH assumes that developing countries possess a comparative advantage in pollutionintensive production. Thus "pollution havens" arise. The second hypothesis, the factor endowment hypothesis (FEH), predicts that trade liberalization will result in trade patterns consistent with the Heckscher-Ohlin-Vanek (HOV) theory of comparative advantage based on factor endowment differentials. Rich countries are typically well endowed with physical capital. Since capital-intensive goods are often also pollution intensive, 1 factor endowment theories of international trade predict that rich countries specialize in pollution-intensive goods and export them. Thus, manifestation of the PHH is in direct conflict with the FEH. Both hypotheses are tested simultaneously for India.
There has been a tremendous change in the trade policy of the Indian economy since July 1991 which has been motivated by a full recognition of the important role that trade can play in promoting sustained economic growth in the context of sustainable development.
The growth rate has been much higher for both exports and imports following liberalization. India's share in world exports continued to increase from 0.52 per cent in 1990 to 0.67 per cent in 2000. This increase was higher than in the previous decade because of the gradual lifting of the quantitative restrictions and reduction in tariffs. The effect of liberalization is highly visible in external trade indices: post-liberalization growth has been much higher in both exports and imports and external trade now accounts for 20 per cent of India's GDP, significantly higher than the level of 13 per cent in 1990-1991. The annual average growth rate of exports increased from 7.6 per cent during 1980/1981-1991/1992 to 10 per cent during 1992/1993-1999/2000 and that of imports increased from 8.5 to 13.4 per cent for the same period. On the other hand, the share of imported manufacturing goods rose by 35.8 per cent in 1980-1981 to 48 per cent in the 1990s and rose sharply to 78 per cent in 1999-2000.
The European Union and the United States of America are by far the most important markets for Indian exports, absorbing each about 20 to 25 per cent of total exports. Asian countries excluding Japan also account for about 20 to 1 An attempt has been made by Mani and Wheeler (1999) to link pollution intensity with capital and labour intensity of goods on the basis of the work of Hettige and others (1995) . Emission intensity (emission per unit of output) has been calculated and the sectors that rank high on actual emission intensity. To determine high-ranking sectors by this criterion the authors have used detailed emissions intensities by medium for manufacturing in the United States by three digit standard industrial classification (SIC level) computed by the World Bank in collaboration with the United States Environmental Protection Agency and the United States census bureau (Hettige and others, 1995) . They have computed average sectoral rankings for air pollutants. They have found that the following sectors which rank high are pollution-intensive industries: iron and steel, non-ferrous metal, nonmetallic mineral products, miscellaneous petroleum, coal products, pulp and paper, petroleum refineries, industrial chemicals and other chemicals, wood products and glass products. In addition, they have estimated the capital intensity of these dirty industries and found that dirty industries are relatively intensive in capital because capital intensity is substantially higher in the dirty sectors with an average ration around 2:1 for capital output and investment output. Following the criteria they have identified that iron and steel, metal products and chemical products are highly capital intensive as well as pollution intensive. They have also found that the clean sectors are about 40 per cent more labour intensive on average.
25 per cent of exports. Japan is still a small market, with about 5 per cent of total Indian exports. The EU is currently one of India's largest trading partners, accounting for nearly a quarter of the total two-way trade; the largest suppliers are the United Kingdom of Great Britain and Northern Ireland, Germany and Belgium. In terms of imports, Asian countries (excluding Japan) and the EU supply almost 50 per cent of India's total imports. Middle East countries are the major supplier of India's oil imports and the region accounts for 16 per cent of total imports.
As mentioned earlier liberalization in India has led to an impressive growth in two-way trade. Indo-EU trade increased, specifically from 12.6 billion euros in 1993 to over 25.7 billion euros in 2000. With liberalization Indian exports have diversified and expanded, and there is a significant change in the composition and range of Indian exports that now enter the European market.
Indian exports are mainly dominated by textiles and clothing, (32.15 per cent), agricultural and marine products (8.57 per cent), gems and jewellery (12.24 per cent), and leather and leather goods (11.03 per cent), which together account for more than 60 per cent of total exports. Of late, exports of engineering and electronics (9.20 per cent) and chemical products (7.93 per cent), have registered a significant growth, although their overall size still remained small in 2000. Indian imports from the EU were dominated by gems and jewellery (37.90 per cent), engineering goods (29.73 per cent), chemical and allied products (8.55 per cent), metal and metal products (5.84 per cent) and transport equipment (3.74 per cent) in 2000.
What has been the impact of such a changed performance of trade on the environment in India? The present research concentrates on this question and aims at contributing to the environmental trade debate by testing the two conflicting hypotheses (PHH and FEH) for India's trade with rest of the world and exclusively with the EU since the 1990s.
I. SURVEY OF SELECTED LITERATURE
With revitalization of trade liberalization policies, the literature on the effects of international trade on the environment has been increasing. This section will briefly review some of this literature. Grossman and Krueger, 1992; Lucas and others, 1992; Birdsall and Wheeler, 1993; Wheeler and Martin, 1992; Khrushch 1996; Schaeffer and de Sá, 1996; Nordström and Vaughan, 1999; Gallagher and Ackerman, 2000; Antweiler and others, 2001; and Eskeland and Harrison, 2003 have made significant contributions on this issue. The methodologies employed to test these relationships are widely varied, as are the results (Gallagher and Ackerman, 2000) .
The role of international trade in determining the environmental damage has been addressed by specialists using input-output techniques (Wright, 1974; Fieleke, 1975; Wyckoff and Roop, 1994; Antweiler, 1996; Lange, 1998; Proops and others, 1999; Lenzen, 2001; Lenzen and Munksgaard, 2002; Machado and others, 2001; Pedersen 2001, Hann, 2002; Hayami and Nakamura, 2002; Lange and Hassan 2002; and Wadeskog, 2002) .
The cross-country studies by Gerilla and others (2002) for China and Japan, Przybylinski (2002) for Poland and Germany, Hayami and Nakamura (2002) for Japan and Canada and Ahmad (2002) for selected Organization for Economic Cooperation and Development (OECD) countries are worth mentioning in this respect.
Regarding environmental regulation and foreign direct investment, the studies by Xing and Kolstad (1997) and Low and Yates (1992) deserve mention. They submitted that the dirty industries relocate to countries with lax environmental regulation. Using industry-level trade data from the United States, Levinson and Taylor (2001) showed that imports of dirty goods to that country increased over the past three decades. Smarzynska and Wei (2001) used firm-level data on investment projects in 24 transition economies and found some support for the PHH. Cole and others (2001) examine whether the North-South trade patterns are consistent with either PHH or FEH and conclude that both the hypotheses are at work and may, owing to their temporary nature, often cancel each other out. Recently, similar hypotheses have also been analysed theoretically and their validity examined using data on measured SO 2 concentrations from over 100 cities worldwide during the period 1971-1986 by Copeland and Taylor (2003) . Results suggest that free trade is good for the environment.
Unfortunately very little work has been done in India. Recently, preliminary attempts have been made by Mukhopadhyay (2004) , Mukhopadhyay and Chakraborty (2004) , Dietzenbacher and Mukhopadhyay (2004) and Jha and Rabindran (2004) . The present work aims to add to this work and attempts to contribute to the environment and trade debate by examining the impacts of international trade with the rest of the world and also with the EU on emissions of CO 2 , SO 2 and NO x in the Indian economy during the 1990s using input-output techniques.
II. METHODOLOGY
The methodology of the present research is based on Leontief's input-output framework (1951) . The structure of the input-output model can be framed as: 
I) Emission model
The total amount of an emission from fossil fuel combustion can be calculated as a function of the output of industries. To estimate the carbon emission the model will be:
Here F p is a scalar giving the total quantity of an emission from fossil fuels combustion in India. Emissions under this study are CO 2 , SO 2 and NO x , which are defined as pollution type p. C is a vector of dimension m (1xm), of coefficients for the industrial emission intensity per unit of fossil fuel burnt. L1 is a matrix (mxn) of the industrial consumption in energy units of m types of fuel per unit of total output of n industries. In equation (2) 
To establish a link between trade and environment we need to develop the trade model by extending equation (2a).
Trade model
By separating the final demand vector as domestic (Yd) and net exports we get:
where Yx(nx1) is defined as the vector content of export only and Ym(nx1) as the vector content of imports. Here we assume identical technology (HeckscherOhlin) to find out the pollution content of imports for the rest of the world. Thus the pollution content of exports and imports can be defined as in equations (4) and (5).
Equations (4) and (5) are scalar giving different pollution content of exports and imports. The sectoral contribution of the pollution (CO 2 , SO 2 and NO x ) content of exports and imports is estimated by putting diagonal matrices of export and import vectors which will become Yx(nxn) and Ym(nxn). Then equations (4) and (5) will be:
(4*)
Now, a measure of pollution terms of trade (PTOT) for India with the rest of the world will be derived by equations (4) and (5) as:
Similarly the EU's export and import contribution with India can be calibrated separately as in equations (7) and (8).
F pd exports eu = SR d Yx eu (7)
The sectoral contribution of pollution traded was derived in the same manner as in equations (4*) and (5*).
Now, a measure of pollution terms of trade (PTOT) will be derived as: This measure (equations 6 and 9) of pollution terms of trade indicates the ratio of the pollution content of 1 unit of exports relative to the pollution content of 1 unit of imports. A country gains environmentally from trade in relative terms whenever its imported goods have a higher pollution content than its exported goods. When the pollution terms of trade are greater (smaller) than 100, that particular country's exports contain more (less) pollution than it is receiving through imports. The expressions of equations (6) and (9) will provide the compositional effect.
The PHH explanation will be stronger if we discuss the FEH in this context, which offers another view on the impact of international trade on the allocation of environmental burdens across countries. This hypothesis maintains that pollution intensities of production are highly correlated with capital intensities (see Copeland and Taylor, 2003) . In that case, capital-abundant countries, i.e. typically rich, developed countries, have a comparative advantage in pollution-intensive goods, which they will export according to the Heckscher-Ohlin theory.
The expansion of global trade receives so much attention largely because it has important influences on the factor markets of the countries involved. This also explains why, after decades, the HOV model is still a mainstay of international economics. The HOV model, which focuses on the relationship between production factors and trade, predicts that a country will export services of the factors that are relatively abundant in the country and will import services of the factors that are relatively scarce in the country. For testing the factor endowment hypothesis we have modified our previous equations by introducing labour and capital coefficients.
Recollecting equation (2a) and multiplying by the labour and capital coefficients we get:
where L and K are treated as labour and capital coefficients of all sectors in the study and LR d and KR d provide the sector-wise labour and capital requirements.
To estimate the labour requirements and capital requirements in exports and imports further, equation (10) will be multiplied by the export and import vectors that are presented below:
The labour and capital requirements of imports can also be classified similarly in equations (14) and (15).
Equations 12 to 15 classified here derive the total labour and capital requirements in the case of export and import. Similarly we can compute the requirements of labour and capital exclusively for trading with the EU.
As we know, FEH states that a labour-rich country will export labour-intensive goods that are environment friendly and import capital-intensive goods. This can be indicated by the ratio of labour requirements of import and export that will be less than 1. Similarly the capital abundant country will export capital-intensive goods and import labour-intensive goods and the ratio of capital import and export will be greater than 1.
III. DATA
To implement the model and to calculate the pollution terms of trade we require input-output data, energy flow data, emission data, trade related data and labour and capital coefficients for the years 1991-1992 and 1996-1997 respectively. In this present study we consider EU15 as EU.
This study uses two input-output tables of the Indian economy for the years [1991] [1992] [1996] [1997] prepared by the Planning Commission of the Government of India (1995, 2000) . The input-output tables are commodity by commodity tables consisting of 60 x 60 sectors and have been aggregated to 43 sectors on the basis of the nature of commodities and trade and energy intensiveness. Here we have considered three energy sectors, coal, crude oil and natural gas and electricity, separately.
The Centre for Monitoring Indian Economy (CMIE) provides the energy flow data for the two years, 1991-1992 and 1996-1997 , respectively at physical unit, i.e. million tons of oil equivalents (mtoe). The CO 2 , SO 2 and NO x emissions from fossil fuel combustion have been estimated by the Intergovernmental Panel on Climate Change (IPCC) guideline.
India's trade figures with the EU for commodities for the years 1991-1992 and 1996-1997 are available in Foreign Trade by Commodities (OECD, 1998) . We have converted the trade data from millions of United States dollars to millions of rupees exchange rate.
To estimate the sectoral labour and capital coefficients we have used the labour data, i.e. persons engaged in each sector and capital stock data, from the Annual Survey of Industries (ASI, 1991 (ASI, -1992 (ASI, and 1996 (ASI, -1997 
IV. RESULTS AND DISCUSSION
In this section we shall present the results of the application of the models developed in section II to test the two hypotheses for India and also the analysis of the results.
Evidence on the pollution haven hypothesis from India's trade with the rest of the world
To test the pollution haven hypothesis we have used an index known as pollution terms of trade (equation 6). We have computed the pollution terms of trade of India with rest of the world for CO 2, SO 2 and NO x emissions in 1991-1992 and 1996-1997 . Results are presented in table 1. 1991-1996-1991-1996-1991-1996-1992 1997 1992 1997 1992 1997 Pollution and NO x respectively in 1996-1997. The values have increased marginally by 3 to 5 per cent within the span of five years in India during the reform period. However, we observed that the value of the PTOT index is below 100. This indicates that India exports goods that are more environment friendly than the goods that it imports. Thus the PHH is not supported by the results, and suggests that differences in pollution regulation are a key determinant of production costs and hence the location of industries. The country with a weaker policy exports the dirty goods and increases its dirty goods output when trade is liberalized.
The result also reveals an interesting feature. Even a short span of trade reform in India leads to a rise in the value of PTOT for the three pollutants which, if continued, might move India towards being a pollution haven if there is no policy intervention by the Government. However, at the moment the PHH is not supported by the result.
The reasons behind the low value of PTOT (less than 100) will be clear if we analyse the composition of exports and imports of India as well as emissions of three types of pollutants for the selected sectors for the years 1991-1992 and 1996-1997. A look at the composition of exports and imports of India (table 2) indicates that export products such as other crops, fishing, food and beverages and leather products had a share of 15.52 per cent in 1991-1992 and 14.37 per cent in 1996-1997. Textile products had a share of 17.47 per cent in 1991-1992 and 18.99 per cent in 1996-1997 . A significant change in the composition of exports has been observed in the manufacturing sector. The share of the manufacturing products (non-electrical machinery, electrical machinery, electronic equipment, rail and other transport equipment and other manufacturing) increased from 16.09 per cent in 1991-1992 to 21.70 per cent in 1996-1997. On the other hand, crude petroleum and natural gas and petroleum products (15 per cent in 1991-1992 and 14 per cent in 1996-1997 respectively), non-metallic products (9.67 in 1991-1992 and 13.82 per cent in 1996-1997) , iron and steel (3 per cent in both years) and machinery goods (over 30 per cent in both years) are major items in the import basket.
Several changes in the export-import policies have been introduced: (a) the maximum tariff was lowered from 250 per cent in 1991 to 40 per cent in 1996-1997; (b) the Liberalized Exchange Rate Management System (LERMS) was introduced in March 1992 and under this system virtually all capital goods and raw 1991-1996-1991-1992 1996-1997 materials are made freely importable subject to tariff protection as long as foreign exchange to pay for imports is obtained through the market; (c) in addition, the duty on capital goods was reduced from 25 to 20 per cent; (d) to promote exports a number of subsidies such as cash compensatory support for exports have been abolished; (e) the export processing zones (EPZ scheme) and the 100 per cent export-oriented unit (EOU) scheme were liberalized to include agriculture, horticulture, poultry and animal husbandry.
Even these measures could not create a climate which could reap the full benefits of liberalization in India. The climate for foreign direct investment has not improved much. The bureaucratic system and the corruption at different levels have not been conducive for foreign entrepreneurs to do business in India. Although free-market reforms and liberalization have stimulated foreign investment in India, bureaucratic hurdles continue to impede the flow of investment. For example, from July 1991, when the reform policy started, to December 1994, almost 19,000 foreign investment proposals worth US$ 130 billion were filed with the Government. However, only a fraction of these investment commitments were actually implemented, while others were languishing at different stages of preimplementation. Besides bureaucracy, corruption is another damaging factor for economic growth in India. The adverse effects of corruption on growth have been statistically corroborated from cross-country data. India is amongst the most corrupt countries of the world with a score of only 2.7 out of 10 and ranked 45th among 52 countries in 1997. In 2002, it ranked 71st among 102 countries, (Bardhan, 1997) . These two factors have made the cost of doing business in India expensive. As a result India has not been successful in attracting industries, both clean and dirty, even after trade reforms.
Another point which should be mentioned in this connection is that India has to maintain the standards for export goods. The World Trade Organization Agreement on Technical Barriers to Trade (TBT) and the Agreement on the Application of Sanitary and Phytosanitary Measures (SPS) have had an impact on Indian export markets. The first agreement encourages the use of international standards and emphasizes that environmental protection constitutes an important objective. SPS addresses a variety of measures used by Governments to ensure that human and animal food is safe from contaminants, toxins, disease causing organisms and additives, and measures to protect human health from pests or diseases carried by plants and animals. These measures are not covered by the TBT agreement.
Such measures have unfavourable impacts on the Indian export market. For example, marine and fishery products, peanuts, mango pulp and tea have faced difficulties gaining entry into the markets of the developed countries because of their failures to adhere to or attain international standards. Based on those two agreements, the United States and the EU have placed restrictions on the entry of those commodities in to their markets. The experiences of India and some other developing countries show that many of the TBT and SPS measures applied may not be in conformity with the agreements and in many cases the measures seem to be discriminatory (Jha, 2002) . Although liberalization has been helpful in reducing tariffs and encouraging free trade these measures have acted as non-tariff barriers to trade. The findings of the present study are not influenced greatly by the above non-tariff barriers because the sectors falling under that category are not very air pollution intensive.
Recalling the higher ranked sectors in respect of exports and imports, if we study the pollution coefficients of those sectors (tables 2 and 3) it is observed that the import products generate more emissions than the exports. It is also evident that intra-industry trade occurs for sectors such as other chemicals, nonelectrical machinery, electrical machinery, electronic equipment, rail and other transport equipment and other manufacturing. We know that the existence of intra-industry trade has been discussed in new trade theories (Lancaster, 1980; Dixit and Norman, 1980; Krugman, 1981) . It is observed that there are also differences in the pollution emissions of these groups of industries and that import goods generate more pollution than exports. It is also evident from table 3 that the textile products which are export items, though they generate higher levels of pollution, are however overwhelmed by the pollution generated by import items such as petroleum products, iron and steel and the non-electrical machinery sector.
The most important observation we note is that the major imports are manufacturing goods and petroleum products and the major exports are primary goods, textiles and machineries. However, machinery imports are greater than machinery exports. Machinery goods are pollution intensive, as are petroleum products. The multiplier for petroleum is extremely high as it accounts for a huge input in the production of many manufacturing industries. The high multiplier for petroleum also has made petroleum-intensive goods high multiplier goods. Thus petroleum is a major contributor as well as the most determining factor of the pollution terms of trade.
Next we have attempted to analyse the impact of India's trade with EU15.
Evidence on the pollution haven hypothesis from India's trade with the European Union
After analysing the impact of India's trade with world let us now concentrate on India's trade with Europe and its impacts on CO 2 , SO 2 and NO x emissions. Table 4 records the values of PTOT for the year 1991-1992 and 1996-1997 . 1991-1996-1991-1996-1991-1996-1992 1997 1992 1997 1992 1997 Pollution The result shows that the values of the pollution terms of trade for CO 2 , SO 2 and NO x are less than 100 though there was a marginal rise in the value from 1991-1992 to 1996-1997, i.e. 71.20 to 73.85, 61.45 to 65.93 and 65.42 to 68.96 respectively.
The EU is a developed region while India belongs to the category of developing economies. They differ in pollution policy and the most often cited reason for policy differences is the inequality of income between the two countries. It is argued theoretically by Copeland and Taylor (2003) that "if two countries differ only in their per capita income then we find that the richer country will have more stringent pollution standards. Trade will therefore create a pollution haven in the poor country. Pollution rises in the poor South and falls in the rich North… Therefore, free trade leads the South to change the composition of its output towards specialization in dirty good production." Our results for India show otherwise showever. India is not a pollution haven even when its trade with Europe has increased. Can we offer some explanation for this? This is perhaps explained by looking at tables 5 and 6, which present the share of exports and imports of India with the EU along with emissions in 1991-1992 and 1996-1997 respectively.
The commodity composition of trade presented in table 5 bears an interesting picture. The export basket of India's trade with the EU was predominated by agriculture and related products such as tea, coffee, other crops, fishing, food and beverages, with a share of 10.14 per cent in 1991-1992 and 15.28 per cent in 1996-1997 and textiles (over 20 per cent in both years). Machineries (electrical, railway and other transport equipment and other manufacturing goods) accounted for 37.10 per cent of total exports in 1991-1992 and 43 per cent in 1996-1997. This shows that as a result of trade liberalization the share of manufacturing goods in the total increased.
The share of imports from Europe reveals that other minerals accounted for approximately 8 per cent and iron and steel 7.66 and 5.78 per cent in both years respectively. There was a significant rise in the share of imports of manufacturing goods from Europe, increasing from 49.17 per cent in 1991-1992 to 64.97 per cent in 1996-1997. Thus India imports more manufacturing goods than it exports to the EU. This phenomenon has been possible due to a reduction in tariff which is the consequence of changes in the trade policy of India since 1991-1996-1991-1992 1996-1997 1991-1996-1991-1992 1996-1997 mid-1991 (Jha and Rabindran, 2004) . The manufacturing goods are pollution intensive. India does not import oil and crude petroleum from the EU. However, a large inflow of pollution embodied in trade with the EU is because of the high share of manufacturing goods in the import baskets of India (table 6 ). This also holds true in the case of intra-industry trade where imports generate more pollution than exports.
Thus, the above results (tables 2 to 6) indicate that Indian exports are cleaner than the goods that it imports. If we try to specify the import goods, then crude petroleum and petroleum products dominate in trade with the rest of the world, but the manufacturing sector leads in trade with the EU.
The development over time does not change the conclusion, but it provides a significant observation. In the case of the EU the results reveal that values of PTOT, though less than 100, increased during the liberalized period. This indicates that India's trade with the EU during the liberalization period moved India towards being a pollution haven, even in the early 1990s.
India is among the countries concerned with environmental protection. It has environmental standards for products and processes, has environmental impact assessment and has introduced environmental audit as well as an eco-labelling scheme. Recently India's strategy is to stop environmentally harmful processes and to control the overexploitation of non-renewable resources.
The Government of India has set up a Central Pollution Control Board and different state governments have also set up state pollution control boards. These bodies are actively engaged in maintaining environmental standards. Moreover, wide ranges of instruments are used including legislation and regulation, fiscal incentives, voluntary agreements and educational programmes. Several policy declarations and laws have contributed to the minimization of greenhouse gas emissions in India. These include the Forest Act (1980), the Air Pollution Act (1981, amended in 1987) , the National Conservation Strategy (1992) and a Policy Statement on Abatement of Pollution (1992). More direct contributions to limiting growth in CO 2 , SO 2 and NO x emissions are being brought about by the Government's energy efficiency and conservation programmes and renewable energy programmes.
Policies for improving energy efficiency and conservation have been introduced during the eighth five-year plan. A comprehensive "National Energy Efficiency Programme" was launched during this period to coordinate and organize existing and new efforts on energy conservation in various sectors of the economy for achieving a targeted energy savings of about 5000 mw in the electricity sector and 6 million tons of oil in the petroleum sector. Various measures have been taken by the different industries in India to ensure quality and clean products for access to the markets of industrial countries.
It should be noted that differences in pollution policy are only one of the many factors that cause trade. Relative production costs are determined not only by pollution regulation alone and are not important determinants of costs (Copeland and Taylor, 2003) . If other factors dominate to outweigh the effects of a pollution policy on comparative advantage, then trade may not concentrate polluting industries in countries with weak environmental regulation. So let us examine whether additional motives for trade change these results. In other words, our next task will be to investigate the role of factor endowments in determining India's trade during the reform period. 1991-1992 1996-1997 K x We now discuss whether the factor haven hypothesis supports at all the case of India while trading with the rest of the world and also the European Union exclusively. Two factors, labour and capital, are considered. We have estimated the capital and labour requirements to produce one million rupees worth of typical exports and imports in 1991-1992 and 1996-1997 respectively, derived by equations 12 to 15. Table 7 reports the results.
The results show that India seems to have been endowed with less capital per worker than other countries in the world in 1991-1992 and 1996-1997 respectively. Thus the HOV theory predicts that Indian exports would have required more labour (less capital per worker) than imports. We observe that Indian imports were 59 and 63 per cent more capital intensive than Indian exports in 1991-1992 and 1996-1997 . India is a labour surplus economy. Its population size was 840 million in 1991, with the total labour force estimated to be 500 million and the total number of economically active population around 280 million according to the 1991 census. From table 2 we already observed that products such as other crops, fishing, food and beverages and leather products had a share of 15.52 per cent in 1991-1992 and 14.37 per cent in 1996-1997 . These goods are relatively labour intensive. It is a well-known fact that India is not a capital-rich country. Thus the evidence on India's trade with the rest of the world is supportive of the factor endowment hypothesis and conflicts with the pollution haven hypothesis.
Though India is not a capital-rich economy, it produces capital-intensive goods. However, India is unable to export these capital-intensive goods in a significant way because in recent times competitiveness in the international market is determined much more by brand name recognition than by factor endowments. What will be the contribution of the factor endowment hypothesis while India is trading exclusively with the EU is explored in the next section.
Evidence on the factor endowment hypothesis from India's trade with the European Union
Using equations 16 to 19 we have computed the labour and capital requirements in exports and imports of India with the EU for the years 1991-1992 and 1996-1997 . Results are shown in table 8. 1991-1992 1996-1997 K x We observe that Indian imports from the EU were 128 and 114 per cent more capital intensive than Indian exports to the EU in 1991-1992 and 1996-1997 respectively. These results support the factor endowment hypothesis.
Our findings are interesting in this respect. The EU is a developed region with capital abundance while India is scarce in capital with labour abundance. Thus the EU, relatively abundant in factors (capital) that are used intensively in polluting industries, is exporting dirtier goods to India. On the contrary India, which is relatively abundant in factors (labour) used intensively in clean industries, is exporting cleaner goods to the EU. The predictions of this theory, therefore, contrast sharply with those of the pollution haven hypothesis when we experiment India's trade with the EU. Here the factor endowment differences between India and the EU are sufficient to offset the cost differential created by differences in pollution regulations between India and the EU.
India exports primarily labour-intensive goods to the EU and imports machinery and other types of capital goods. This is the major reason why the results of this paper are in conformity with the FEH and not with the PHH. In their recent work, Copeland and Taylor (2003) have demonstrated that the United States and Canada have a comparative advantage in capital-intensive dirty products. Alternatively, they have found that India's comparative advantage lies in labourintensive and relatively clean goods production.
For both cases, our results point out that differences in policy between India and the other countries and also the EU alone need not imply that trade liberalization will force dirty industries to move to India, which is a less regulated country in respect of pollution especially compared with Europe. We should mention here one important aspect favouring the export of labour-intensive goods. Since India is perceived as a knowledge-based economy in the post-globalization era the growth of the "relatively clean" service sector is pushing the pollution intensity GDP down.
V. CONCLUSION AND POLICY IMPLICATION
The complex interrelationship between trade and environment has become a focal point for international as well as national policymakers. With this in mind this paper has examined the impact of trade liberalization on the environment in India during the 1990s. It attempts to contribute to the recent debate on trade and environment by testing two contradictory hypotheses, i.e. the pollution haven hypothesis and the factor endowment hypothesis for India and the rest of the world and also for the EU exclusively. The environmental indicator for this study concentrates only on CO 2 , SO 2 and NO x emissions from fossil fuel combustion during the 1990s. The study measures India's environmental gains or losses from trade with other countries.
In this paper an index known as the pollution terms of trade has been used to test the pollution haven hypothesis while the labour and capital requirements of India's exports and imports have been computed to test the factor abundance hypothesis. Results reveal that Indian evidence does not support the pollution heaven hypothesis in both cases (trade with rest of the world and exclusively with the EU) by achieving the pollution terms of trade below 100, but it does support the factor endowment hypothesis by exporting more labour-intensive goods which are environment friendly. Our results also point out that differences in pollution policy alone need not imply that trade liberalization will force dirty industries to migrate to less regulated countries. The factor endowment hypothesis turns out to be extremely important. Our results show that the predictions of the pollution haven hypothesis are reversed when factor abundance motives for trade are sufficiently strong.
Our findings may be compared with those of others. From case studies of econometric evidence on Latin America, especially Chile, Birdsall and Wheeler (1993) conclude that protected economies are more likely to favour pollution-intensive industries while openness actually encourages cleaner industries through the importation of developed country pollution standards. However, the work of Machado and others (2001) on Brazil does not corroborate our findings but rather supports the pollution haven hypothesis. These studies did not, it should be pointed out, test the factor endowment hypothesis.
The recent evidence suggests (Copeland and Taylor, 2003) that factor abundance differences are much stronger determinants of trade patterns than pollution regulation differences. They have also demonstrated through a detailed empirical work that developed countries such as the United States and Canada have a comparative advantage in capital-intensive dirty products. Alternatively, they have found that India's comparative advantage lies in labour-intensive and relatively clean goods production.
The most interesting results derive from the study by Cole and others (2001) . The trading partners selected for their study are: United Kingdom-Asia, United States-Asia, United States-Latin America and Japan-Asia. In terms of support for the PHH and/or the FEH, the testing of the two models provides mixed results. In the HOV model they found no evidence to suggest that environmental regulations are determining net exports, whilst they have seen some evidence to suggest that a country's capital endowment is a positive determinant of net exports. Their evidence suggests that differences in environmental regulations and factor endowments are, to some extent, influencing global trade patterns.
Since the pollution haven and factor endowment hypotheses offer such different predictions, we have designed our empirical work to facilitate a weighing of their relative strength. India, being a developing and labour-rich country, gains from trade in terms of emissions.
In this connection we would like to mention that if one widens the definition of the polluting industries to include all sorts of environmentally unfriendly goods (including the consideration of the food safety), then it could be shown that many of India's goods and also its exports would likely to fall in that category. For example, as we have already pointed out, fishery products and tea in which India has a comparative advantage are also relatively labour intensive and have faced SPS barriers in export markets. From that point of view it can be argued that though India does not belong to a pollution haven and also supports the factor endowment hypothesis, the two hypotheses may not necessarily be in conflict with each other. Our paper concentrates only on three pollutants, CO 2 , SO 2 and NO x, and the pollution-intensive industries are computed through these indicators. Therefore the findings of the paper should be judged keeping this in mind. From our study we suggest several policies.
First, the trade liberalization policy should further be strengthened and encouraged to continue in the future. This will help India to produce environment friendly goods and also promote exports.
Second, since the findings of the paper support the factor endowment hypothesis arguing that India has a comparative advantage in exporting labourintensive goods, we suggest that the production of labour-intensive goods should be emphasized. This will generate employment opportunities in a labour surplus economy such as India, which in turn will help to reduce poverty, as the eradication of poverty in the developing countries including India is being given top priority in recent years.
Third, to increase exports the tariffs on the tradable sector, especially primary sectors-agriculture, allied and agriculture-based industrial sector, consumable non-durable goods sector which includes textiles, and leather industries with high social profitability, should be lowered appreciably. A policy of selective, chief credit extension for these goods will be of great help for enhancing production capabilities. As it is evident from the paper that India has a comparative advantage in these sectors and liberalization has also favoured. Fourth, our policymakers should be aware of the trade-off between comparative advantage and the consequences of stringent environmental regulation. Too much emphasis on strict regulations as we observe indications in the Draft National Environmental Policy (Government of India, 2004), might lead to loss of comparative advantage and export of dirtier goods thus raising the pollution levels in India.
Finally, in India the trade-related problems are addressed by trade policies while environmental issues are addressed by environmental policies. For example, the recently announced environmental policy (Government of India, 2004) in India has several important objectives. However, no concern has been expressed about the complex relationship between the environment and trade. This is also the case for trade policies announced by the Government from time to time. Our paper suggests that both policies should be integrated. In other words, the trade policy of India should incorporate environmental concerns in order to harmonize the country's trade targets with its environmental priorities including those related to international commitments with respect to Agenda 21 and the United Nations Framework Convention on Climate Change.
